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1
Timothy is an important perennial forage grass in the Nordic countries, eastern Canada 2 and northern Japan, which have severe winters, as it has high nutritive quality and good 3 winter hardness. Cultivated forage-type timothy (Phleum pratense L.) is a hexaploid (2n 4 = 6x = 42) species with self-incompatibility (Tamaki et al. 2010 ). Its forage yield 5 improvement is regarded as one of the major breeding achievements in Japan. 6 Improvement of self-incompatible forage crops including timothy often relies on the 7 production of synthetic varieties. A variety developed by this method consists of an 8 advanced generation of a population initiated by inter-crossing a limited number of 9 parents selected on the basis of high general combining ability (GCA) using a polycross 10 breeding design. Theoretically, the variance among non-inbred half-sib families, 11 including polycross progeny lines, is a quarter of the additive genetic variance and is 12 equivalent to the GCA (Nguyen and Sleper 1989) of the polycross parents. GCA is 13 defined as the average performance of a genotype in a series of crosses and is measured as 14 the deviation of its progeny from the mean of those crosses. GCA values are especially 15 useful in the prediction of synthetics (Posselt 2010 ). However, contrary to expectations 16 based on GCA values for forage yield from polycross progeny tests, there have been 17 several synthetic strains that fail to produce high yields in the Japanese timothy breeding 18 programs carried out at Hokkaido prefectural Kitami Agricultural Experiment Station 19 (KAES) since the 1960s (Ueda 1990). There have been a number of reports that attempt 20 to explain these unsuccessful selections. One of the possibilities is the existence of 21 specific combining ability and/or inbreeding depression that can substantially influence 22 the success of improving perennial and self-incompatible forage crop species (Gau et al. Another convincing explanation is that the GCA value itself may include both additive 1 and non-additive effects (Hayward 1979 ) and/or be masked by genotype by environment Griffing's Model I of Method 4 (Griffing 1956 ), where GGD was contrasted with GCA in 1 a diallel cross design. This could be a tool to extract contributions of non-additive effects 2 from GCA values obtained in polycross progeny tests, as a large positive GGD value is 3 thought to indicate that a genotype possesses many alleles with low frequency 4 (Melchinger et al. 1990 ). However, there are no published reports concerning 5 relationships between the GGD and GCA based on polycross progeny tests in forage 6 crops.
7
The objectives of this study were (i) to evaluate the effects of GD among parental 8 clones on forage yield of their first generation of synthetic (syn1) and polycross progenies, clones were selected up to 1998 based on high forage yields in polycross progeny tests 23 ( Tables 1 and 2 analysed using ANOVA according to a randomized complete block design. General combining ability (GCA) values were calculated from percentages of 17 'Nosappu' for total DMYs in polycross progenies tests using the following equation: bands present in i. This is equal to one minus the genetic similarity coefficient originally 1 devised by Dice (1945) and was first used for molecular diversity by Nei and Li (1979 to 'Nosappu' and lower than 'Kitakei 98301' for DMY (Table 3) . The GD for all pairs 20 among the 11 parental clones ranged from 0.614 to 0.782 and the average GD for all pairs 21 was 0.701. The GD estimates among parental clones for each synthetic strain, ranged The 41 polycross progenies showed large variation for several traits, except for heading 10 date (data not shown), and ranged from 93 to 115% of 'Nosappu' for DMY (Table 4) based on polycross progeny tests (Fig. 2) and that the mean of square for regression with 13 GGD was significant for DMY (Table 5 ). These results indicate that the GCA values 14 included a genetic effect associated with genetic diversity in addition to additive effects, 15 as suggested by Hayward (1979 In conclusion, GD values based on molecular marker diversity were related to the 8 forage yield of progenies. These investigations support the hypotheses that selection of 9 polycross parents for high molecular diversity is a possible way to exploit heterosis or to 10 avoid inbreeding depression and that molecular diversity can be useful for understanding 11 the contribution of both additive and non-additive effects to GCA values in polycross 12 progeny tests. Our results confirmed the usefulness of molecular markers in the selection 13 of parents for forage yield in polycross breeding with selection strategies that capitalize 14 on both additive and non-additive genetic variation. -µ) , where p is number of parents in a polycross, Xi is DMY (percentage of 'Nosappu') of a polycross progeny i, and µ is means of DMY (percentage of 'Nosappu') of all polycross progenies, respectively. 2 GGD calculated from genetic distances based on molecular marker diversity by methodology analogous to Griffing's Model I of Method 4 (Griffing 1956; Melchinger et al. 1990 ). 3 The clone was excluded from the SSR analysis due to its non-existence. 4 Mean of all forty-one polycross progenies. 5 Least significant difference at the 0.05 probability level. 
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